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(57) ABSTRACT

Disclosed herein 1s an interlock system in combination with
an enclosure, including: the enclosure having a base and a
door that define an interior; a rotary handle attached to the
door; a disconnect switch disposed in the interior of the enclo-
sure and including a shait extending toward an exterior of the
enclosure 1n a direction toward the door; a first interlocking
member attached to the door and extending toward an interior
of the enclosure; and a second interlocking member attached
to the shatt. The handle 1s configured to engage the shait when
the door 1s closed and rotate the shait to move the disconnect
switch between an on position and an off position. The second
interlocking member 1s configured to engage and interlock
with the first interlocking member when the door 1s closed
and the disconnect switch 1s in the on position.

10 Claims, 16 Drawing Sheets
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INTERLOCK SYSTEM AND METHOD FOR
ROTARY DISCONNECT SWITCHES

BACKGROUND OF THE INVENTION

The subject matter disclosed herein relates to electrical
equipment and, more particularly, to interlock systems for
clectrical enclosures.

Conventional electrical distribution equipment such as cir-
cuit breakers are encased on housings to protect the equip-
ment and avoid contact with the equipment when operating.
Interlock devices are generally utilized to prevent undesired
states of the enclosure, such as the opening of the enclosure
when it 1s connected to an electrical source. Such devices are
usetul 1 preventing inadvertent opening, and for protecting,
users from gaining access unless the electrical power 1s dis-
connected. The industry may, therefore, be desirous of an
improved system to interlock an electrical enclosure to pre-
vent undesirable states of the enclosure.

BRIEF DESCRIPTION OF THE INVENTION

Disclosed herein 1s an interlock system in combination
with an enclosure. The combination includes: an enclosure
having a base and a door that define an iterior, the door
having an open position and a closed position; a rotary handle
attached to the door of the enclosure; a disconnect switch
disposed 1n the interior of the enclosure; a first interlocking
member attached to the door and extending toward an interior
of the enclosure; and a second interlocking member attached
to the shait. The disconnect switch includes a shait extending,
toward an exterior of the enclosure 1n a direction toward the
door, and the handle 1s configured to engage the shaft when
the door 1s 1n the closed position and rotate the shait to move
the disconnect switch between an on position and an off
position. The second interlocking member 1s configured to
engage and interlock with the first interlocking member when
the door 1s 1n the closed position and the disconnect switch 1s
in the on position.

Further disclosed herein 1s a method of controlling a posi-
tion of an enclosure. The method includes: attaching a rotary
handle on a door of the enclosure; disposing a disconnect
switch 1n an interior of the enclosure; attaching a first inter-
locking member extending toward an interior of the enclosure
to the door; attaching a second interlocking member attached
to the shatt; and moving the disconnect switch between the on
position and the off position. The method also includes,
responsive to the disconnect switch being in the on position,
engaging the first interlocking member with the second inter-
locking member to 1) prevent the door from being moved from
the closed position toward the open position and 11) allow the
door to be moved from the open position toward the closed
position. The method further includes, responsive to the dis-
connect switch being 1n the off position, engaging the first
interlocking member with the second interlocking member to
allow the door to be moved between the open position and the
closed position. The disconnect switch includes a shaft
extending toward an exterior of the enclosure and the handle
1s configured to engage the shaft when the door 1s 1n the closed
position and rotate the shaft to move the disconnect switch
between an on position and an oif position.

BRIEF DESCRIPTION OF THE DRAWINGS

The following descriptions should not be considered lim-
iting in any way. With reference to the accompanying draw-
ings, like elements are numbered alike:
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FIG. 1 depicts a perspective view of an enclosure including,
an interlock assembly 1n an open position, in accordance with

an embodiment of the invention;

FIG. 2 depicts a perspective view of the enclosure of FIG.
1 1 a closed position including a rotary handle 1n an off
position;

FIG. 3 depicts a perspective view of an embodiment of the
disconnect switch of FIG. 1;

FIG. 4 depicts a perspective view of the disconnect switch
of FI1G. 3 with the housing removed and 1n an off position;

FIG. § depicts a perspective view of the disconnect switch
of FIG. 3 with the housing removed and in an on position;

FIG. 6 depicts a perspective view of the disconnect switch
of FIG. § with the housing removed and moving toward a
closed position;

FIG. 7 depicts a perspective view of the disconnect switch
of FIG. 5 with the housing removed and moving toward an
open position;

FIG. 8 depicts a perspective view of another embodiment
of the disconnect switch of FIG. 1:

FIG. 9 depicts a perspective view of the disconnect switch
of FI1G. 8 with the housing removed and 1n an off position;

FIG. 10 depicts a perspective view of the disconnect switch
of FIG. 8 with the housing removed and 1n an on position;

FIG. 11 depicts a perspective view of the disconnect switch
of FIG. 10 with the housing removed and moving toward a
closed position;

FIG. 12 depicts a perspective view ol the disconnect switch
of FI1G. 10 with the housing removed and moving toward an
open position;

FIG. 13 depicts a perspective view of the enclosure of FIG.
1 including another embodiment of the disconnect switch;

FIG. 14 depicts a magnified perspective view of compo-
nents of the disconnect switch of FIG. 13 disposed on the
housing door;

FIG. 15 depicts a magnified perspective view of compo-
nents of the disconnect switch of FIG. 13 disposed inside the
housing; and

FIG. 16 depicts a front view of a rotary handle of the
disconnect switch of FIG. 13.

DETAILED DESCRIPTION OF THE INVENTION

A detailed description of one or more embodiments of the
disclosed apparatus and method are presented herein by way
of exemplification and not limitation with reference to the
Figures.

Referring to FIGS. 1 and 2, an electrical enclosure 10
including an embodiment of an interlock system disclosed
herein 1s illustrated. The enclosure 10 includes a door 12
connected to a hinge 14, a rotary handle 16 mounted on the
door 12, a rotary style disconnect switch 18 mounted on an
interior surface of the enclosure 10, and one or more electrical
or mechanical devices 20, such as a circuit breaker. An inter-
lock assembly 22 1s included and has components attached to
the handle 16 and the switch 18. Although the interlock
assembly 22 1s described 1in conjunction with the electrical
enclosure 10, the interlock assembly may be utilized with any
enclosure having a hinged door and a rotary style switch.

The disconnect switch 18 includes an elongated member
such as a shaft 24 that extends from a switch body 26 toward
the door 12. When the door 12 1s closed, a recess 27 in the
handle 16 engages the shaft 24, allowing the shait 24 to be
rotated about its major axis between the on and off positions.
In one embodiment, the shaft 24 1s a contoured shatt and the
recess 27 includes a female orifice that 1s configured to accept
the contoured shaift 24.
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The interlock assembly 1s configured to allow the enclosure
10 to be opened and closed when the electrical disconnect
switch 18 1s 1n an “off” position. The interlock assembly 1s
also configured so that the enclosure 10 can be closed when
the electrical disconnect switch 1s in an “on” position, but the
enclosure 10 cannot be opened unless a user takes specific
action to defeat the interlock assembly 22. FIG. 2 demon-
strates the off position. As referred to herein, the “off” posi-
tion 1s a position o the handle 16 and the disconnect switch 18
in which electrical contacts of the device 20 are disengaged
and no electrical power 1s being supplied to the device 20. In
this position, the interlock assembly 22 1s not engaged, thus
allowing the door 12 to be readily opened, for example, by
defeating a door nterlock 24.

As referred to herein, the “on”™ position 1s a position 1n
which the handle 16 1s rotated away from the off position. For
example, the handle 16 1s turned 90 degrees 1n a clockwise
motion to switch the handle 16 to the “on” position. In this
position, the disconnect switch 1s 1n a position such that the
clectrical contacts are engaged, and the interlock assembly 1s
also engaged to prevent the door 12 from being opened.

Referring to FIG. 3, an embodiment of the disconnect
switch 18 includes the switch body 26, the shait 24 and an
interlocking member 28 attached to the shaft 24. The inter-
locking member 1s configured to engage another interlocking
member 30 that 1s attached to the handle 16. The interlocking,
members 28, 30 are configured so that they are not engaged
when the handle 16 1s 1n the off position, but are engaged
when the handle 16 1s 1n the on position. In the on position, the
interlocking members 28, 30 are configured to allow the door
to be moved 1n only one direction, that 1s from an open
position toward a closed position.

In the off position, the mterlocking member 28 1s disposed
at a location away from a path of movement of the interlock-
ing member 30 when the door 12 1s moved between the open
and closed positions. That 1s, the interlocking member 28 1s
disposed a defined distance from the interlocking member 30
suificient so that the interlocking members 28, 30 do not
contact one another when the door 12 1s opened or closed.

In the on position, the mterlocking member 28 1s disposed
at a location that intersects a path of movement of the inter-
locking member 30 when the door 12 1s moved between the
open and closed positions. That 1s, the interlocking member
28 1s disposed so that the interlocking members 28, 30 come
in contact with one another when the door 12 1s opened or
closed.

In one embodiment, the interlocking member i1s a
“C-shaped” bracket having a first portion attached to the door
12, a second portion extending away from the door 12, and a
third portion extending 1n a direction generally parallel to a
plane defined by an interior surface of the door 12. If the
disconnect switch 1s on, as the door 1s open or closed, the
C-shaped bracket 30 that 1s attached to the 1nside of the door
interferes with the interlocking member 28 attached to the
shaft 24. The C-shaped bracket 30 and the door also have an
access hole through them allowing the interlock to be
defeated. The interlocking member 28 1s configured so that
interference due to the mterlocking member 28 intersecting a
path of the bracket 30 as the door 1s being opened cannot be
overcome, but the interference as the door 1s being closed can
be overcome. This ensures that the door 12 can only be closed
when the switch assembly 22 1s 1n the on position but cannot
be opened. IT the switch assembly 22 1s off, no interference
occurs, and the door 12 can be opened or closed.

In one embodiment, the mterlocking member 28 1s a rotat-
ing cantilever beam 28 rotatably attached to the shatt 24. The
beam 28 1s attached to the shait 24 so that the beam 28 can
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rotate about an axis that 1s orthogonal to the shaft axis of
rotation. The beam 28 includes a mechanical stop 32 to pre-
vent rotation of the beam 28 away from the switch body 26
and toward the door 12. In this embodiment, the interlocking
member 30 1s a bracket that 1s fixedly attached to the door 12
and/or the handle 16. The beam 28 1s allowed to fall due to
gravity to a default position when the shait 24 1s 1n the on
position, 1n which the beam 28 1s located 1n a path of move-
ment of the bracket 30.

FIG. 3 shows the interlocking member 28 1n a disengaged
position in which the interlocking member 28 1s rotated away
from the default position. In this embodiment, the interlock-
ing member 1s shown being biased toward the default position
by gravity. In other embodiments, the interlocking member
28 1s attached to a biasing member such as a spring that holds
the interlocking member 28 1n tension toward the default
position.

Referring to FI1G. 4, the interlock assembly 1s shown 1n the
off position. In this position, the beam 28 1s located at a
position where 1t would not engage the bracket 30 regardless
of the position of the door 12.

Referring to FIG. 3, 1n the on position, the beam 28 1s
rotated about the shaft axis so that the shait 28 contacts the
bracket 30 when the door 12 1s moved between the open and
closed positions. In this position, the beam 28 1s configured to
allow the door 12 to be closed but prevents the door from
being moved from the closed to open position. A distance “d”
1s determined between a latch surface of the interlocking
member 28 and the locking surface of the C-shaped bracket
30. The distance “d” 1s great enough to allow the interlock
assembly 22 to be defeated yet still not allow the door 12 to be
opened enough to allow access to live electrical components.

Referring to FIG. 6, 1n the instance that the interlock
assembly 22 1s 1n the on position, and the door 12 1s moved 1n
a direction 34 toward the closed position, the bracket 30
contacts the beam 28 and causes the beam 28 to rotate about
the orthogonal axis. In this manner, the beam 28 allows the
bracket 30 and the door 12 to be moved to the closed position.

Referring to FIG. 7, 1n the instance that the interlock
assembly 22 1s 1n the on position and the door 12 moved 1n a
direction 36 away from the closed position, the bracket 30
also contacts the beam 28. However, 1n this instance, the
mechanical stop 32 prevents the beam from rotating further
and the beam 28 engages the bracket 30 to prevent the door
from being opened. Accordingly, 1f the switch assembly 22 1s
on, the mterlocking member 28 will rotate out of the path of
the bracket 30 as the door 12 1s closed but will not rotate out
of the path of the bracket 30 as the door 12 1s opened. This
again ensures that 11 the switch assembly 22 1s on, the user can
close the door 12 but not open 1it.

Referring to FIG. 8, another embodiment of the interlock-
ing assembly 22 1s shown. In this embodiment, the interlock-
ing member 28 includes two overlapping component mem-
bers 38 and 40. The first component member 38 1s arelatively
rigid cantilever beam extending from the shaft 28 1n a direc-
tion orthogonal to the shait axis of rotation. The second com-
ponent member 40 1s a relatively flexible, resilient member
attached to the first component member 38. A portion of the
flexible member 40 extends in the orthogonal direction
beyond an end of the first member 38, and 1s configured to
bend 1n a direction toward the closed position and stay rigid in
a direction toward the open position. Thus, when the switch
18 1s in the on position, the bracket 30 bends the flexible
cantilever beam 40 out of the path of the bracket 30 as the door
12 1s closed, but if the door 1s moved from the closed to the
open position, the bracket 30 1s unable to bend the flexible
beam 40 and the door 12 1s prevented from opening.
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For example, the rigid member 38 1s a generally flat, form-
ing surfaces that generally face 1n a direction that 1s parallel to
the axis of rotation of the shait 24. The flexible member 40 1s
also generally flat and 1s attached to the rigid member 40 1n a
surface facing the interior of the housing 10.

In one embodiment, the first component member 1s made
of a rigid material such as aluminum. The second component
member 1s made of a tlexible, resilient material such as spring,
steel.

Referring to FIG. 9, the mterlock assembly 22 1s shown in
the off position. As shown, the mterlocking member 28 1s
positioned away from a path of the bracket 30, thus allowing,
the door 12 to be opened and closed without interference.
Referring to FIG. 10, when the interlock assembly 22 1s in the
on position, a portion of the flexible member 40 1s 1n the path
ol the bracket 30.

Referring to FIG. 11, 1f the interlock assembly 1s 1n the on
position and the door 12 1s moved 1n a direction 41 from the
open position to the closed position, the bracket 30 causes the
flexible member 40 to bend and allow the door 12 to be
closed. For example, the tlexible member 40 bends toward the
interior of the enclosure 10 and thus allows the bracket 30 to
over come any interference introduced by the flexible mem-
ber 40.

Referring to FIG. 12, 1f the interlock assembly 22 1s in the
on position and the door 12 1s moved in a direction 43 from the
closed position toward the open position, the flexible member
40 will not bend and thus the bracket 30 1s prevented from
turther movement. For example, due to the position of the
flexible member 40 1n the surface of the rigid member 38, the
flexible member 40 i1s prevented from bending toward the
exterior by the rigid member 38. A distance “d” 1s determined
between a latch surface of the flexible member 40 and the
locking surface of the C-shaped bracket 30. The distance “d”
1s great enough to allow the interlock assembly 22 to be
defeated yet still not allow the door 12 to be opened enough to
allow access to live electrical components.

Referring to FIGS. 13-15, another embodiment of the
interlocking assembly 22 1s shown. In this embodiment, the
interlocking assembly 22 includes the latch 28 attached to the
shaft 24 and having a cammed surface, and the bracket 30 1s
a hinged bracket attached to the inside of the door 12 that
includes a biasing device 42 such as a torsion spring. The
cammed surface on the latch 28 ensures that 1f the door 12 1s
closed while the switch 1s in the on position, then the latch 28
will force the bracket to hinge away from the latch 28, but if
a user attempts to open the door 12 while the switch 1s 1n the
on position, the latch 28 will not cause the bracket 30 to hinge
away from the latch 28. When the switch is 1n the ol position,
the latch 1s rotated away from the path of the bracket 30,
allowing the door 12 to be opened or closed without any
additional action required by the user. In one embodiment, the
shaft 28 1s mounted on a spacer block 45 or other structure to
control the height and location of the shaift 28.

The shaft 28 includes opposite surtaces 44 and 46. The first
surface 44 1s a cammed surface generally facing the exterior
of the housing 10, and the second surface 46 includes a
generally flat latching surface opposite the first surface.

The latching surface 46, when the switching assembly 1s in
the on position, engages the bracket 30 to prevent the door 12
from being moved from the closed position to the open posi-
tion. When the door 12 1s moved from the open position
toward the closed position, the cammed surface 44 interferes
with the bracket 30 causing the bracket 30 to rotate about a
pivot pin 48 or other pivot point and move away from the latch
28. A biasing member such as the torsion spring 42 causes the
bracket 30 to move toward a rest position. In one embodi-
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ment, the rest position 1s provided by a mechanical stop 50
such as a stop tab attached to the door 12.

Referring to FIG. 16, the handle includes a interlock
defeating device 52 that includes the bracket 30 attached to
the pivot pin 48 and the torsion spring 42, and a defeat slot 54.
The defeat slot 54 1s an opening 1n the handle 12 and/or the
door 12 that 1s configured to allow a probe or other device to
be 1nserted mto the handle 12. The inserted probe 1s used to
exert a force on the bracket 30 to overcome the torsion spring
42 and rotate the bracket 30 away from the latch 28 when the
door 1s the closed position and the switch assembly 22 1s in the
on position. In this way, the iterlock assembly 22 can be
defeated to allow a user to open the door 12 even when the
interlock assembly 1s 1n the on position. The slot 54 allows the
bracket 30 to be rotated between a first position 56, 1n which
the latch 28 and the bracket 30 are disengaged, and a second
position 38, in which the latch 28 and the bracket 30 are
disengaged.

After the interlocking assembly 22 has been defeated, the
door 12 may be closed with an automatic reset device such as
the torsion spring 42, which causes the bracket 30 to rotate
toward the rest position in which the bracket 1s held against
the lever stop tab 30.

The systems and methods described herein provide numer-
ous advantages over prior art systems. The device and method
provide an effective interlock for rotary style handles to
enhance user saifety. The device and method ensuring that
unless a user takes deliberate and specific action to defeat the
interlock, such as by aflirmatively engaging a defeat mecha-
nism, the user will not be able to open the enclosure unless the
disconnect switch 1s off. This protects the user from gaining
access to mside of the electrical enclosure unless the power 1s
disconnected using the disconnect switch or the user takes
deliberate action to defeat the interlock. Furthermore, the
device and method ensure that the user can close the electrical
enclosure door whether the disconnect switch 1s on or off.

Furthermore, the systems and methods provide a simple
and affordable interlock mechanism for use with a rotary
handle, 1n contrast to lever type handles that utilize a lever that
rotates up or down around a fixed point at one end of the lever.
The systems and methods may be used with a disconnect
switch 1n which the user instead rotates a rotary handle clock-
wise and counter-clockwise. The systems and methods allow
for the use of a door-mounted rotary disconnect switch and
therefore leads to a reduction 1n cost, complexity, and size
while also making the product more visually appealing.

In general, this written description uses examples to dis-
close the invention, including the best mode, and also to
enable any person skilled in the art to practice the invention,
including making and using any devices or systems and per-
forming any incorporated methods. The patentable scope of
the mvention 1s defined by the claims, and may include other
examples that occur to those skilled 1n the art. Such other
examples are intended to be within the scope of exemplary
embodiments of the invention 1f they have structural elements
that do not differ from the literal language of the claims, or it
they include equivalent structural elements with insubstantial
differences from the literal language of the claims.

What 1s claimed 1s:

1. An interlock system 1n combination with an enclosure,
the combination comprising;:

an enclosure having a base and a door that define an inte-

rior, the door having an open position and a closed
position;

a rotary handle attached to the door of the enclosure;

a disconnect switch disposed in the interior of the enclo-

sure, the disconnect switch including a shaft extending,
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toward an exterior of the enclosure 1n a direction toward
the door, the handle configured to engage the shait when
the door 1s 1n the closed position and rotate the shaift to
move the shaft of the disconnect switch between an on
position and an oif position;

a lirst interlocking member attached to the door and

extending toward an interior of the enclosure; and

a second interlocking member attached to the shait, the

second interlocking member being configured to engage
and interlock with the first interlocking member when
the door 1s 1n the closed position and the disconnect
switch 1s 1n the on position, wherein the second inter-
locking member comprises a cantilever beam rotatably
attached to the shait and configured to rotate about an
axis that 1s orthogonal to a rotational axis of the shaft.

2. The combination of claim 1, further comprising:

an electrical device disposed within the enclosure;

wherein the disconnect switch 1s configured to engage the

clectrical device to electrically connect the electrical
device to an electric power source when the disconnect
switch 1s disposed 1n the on position; and

wherein the disconnect switch 1s configured to disengage

the electrical device to electrically disconnect the elec-
trical device from the electric power source when the
disconnect switch 1s disposed 1n the off position.

3. The combination of claim 2, wherein the electrical
device comprises a circuit breaker.

4. The combination of claim 1, wherein the first interlock-
ing member comprises a “C”’-shaped bracket.

5. The combination of claim 1, wherein the second inter-
locking member 1s configured to rotate about a shait rota-
tional axis between the on position and the off position, the
second 1nterlocking member 1s disposed at a first location 1n
the on position and a second location 1n the off position, the
first location 1s intersected by the first interlocking member
when the door 1s moved between the open position and the
closed position, and the second location 1s not intersected by
the first interlocking member when the door 1s moved
between the open position and the closed position.

6. The combination of claim 1, wherein the second inter-
locking member comprises a mechanical stop to prevent rota-
tion of the shait toward the door.

7. A method of controlling a position of an enclosure, the
method comprising:

attaching a rotary handle on a door of the enclosure;
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disposing a disconnect switch in an interior of the enclo-
sure, the disconnect switch including a shait extending,
toward an exterior of the enclosure, the handle config-
ured to engage the shait when the door 1s 1n the closed
position and rotate the shaft to move the shaft of the
disconnect switch between an on position and an off
position;

attaching a first interlocking member to the door, the first

interlocking member extending toward an interior of the
enclosure;

attaching a second interlocking member attached to the

shaft;

moving the shait of the disconnect switch between the on

position and the off position;

responsive to the disconnect switch being in the on posi-

tion, engaging the first interlocking member with the
second 1nterlocking member to 1) prevent the door from
being moved from the closed position toward the open
position and 11) allow the door to be moved from the open
position toward the closed position; and

responsive to the disconnect switch being 1n the ofl posi-

tion, engaging the first interlocking member with the
second interlocking member to allow the door to be
moved between the open position and the closed posi-
tion, wherein the second interlocking member 1s a can-
tilever beam rotatably attached to the shaft and config-
ured to rotate about an axis that 1s orthogonal to a
rotational axis of the shaft.

8. The method of claim 7, wherein the disconnect switch
engages an electrical device 1n the enclosure to electrically
connect the device to an electric power source in the on
position, and the disconnect switch disengages the device to
disconnect the device from the power source 1n the off posi-
tion.

9. The method of claim 7, wherein moving the shaft of the
disconnect switch includes rotating the shaft and the second
interlocking member about a shaft rotational axis between the
on position and the off position, the second interlocking
member mtersects a path of the first interlocking member in
the on position, and the second interlocking member 1s
located away from the path 1n the off position.

10. The method of claim 7, wherein the second interlocking
member includes a mechanical stop to prevent rotation of the
shaft toward the door.
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